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Problems of Benchmarking Greenhouse Gas Emissions in Dairy 
Agriculture 
 
Abstract 
Purpose – To examine the suitability of free carbon calculators aimed at the agricultural 
industry, for use in greenhouse gas emission benchmarking, using the European dairy industry 
as an example. 
Design/methodology/approach – Carbon calculators which were claimed to be applicable to 
European dairy farms were identified and tested using six production scenarios based on data 
from real European farms supplemented using published literature. The resulting greenhouse 
gas emission estimates, together with estimates apportioned using three functional units, were 
then compared to determine the robustness of the benchmarking results. 
Findings – It was found that although there was a degree of agreement between the seven 
identified carbon calculators in terms of benchmarking total farm emissions, once a suitable 
functional unit was applied little agreement remained. Tools often ranked farms in different 
orders, thereby calling into question the robustness of benchmarking in the studied sector. 
Research limitations – The scenario based approach taken has identified issues liable to 
result in a lack of benchmarking robustness within this sector; however, there remains 
considerable scope to evaluate these findings in the field, both within this sector and others in 
the agricultural industry. 
Practical implications – The results suggest that there are significant hurdles to overcome if 
GHG emission benchmarking is to aid in driving forward the environmental performance of the 
dairy industry. In addition, eco-labelling foods based on GHG benchmarking may be of 
questionable value. 
Originality/value – At a time when environmental benchmarking is of increasing importance, 
this paper seeks to evaluate its applicability to sectors in which there is considerable scope for 
variation in the results obtained. 
 
Keywords Benchmarking, Carbon Calculators, Livestock Agriculture, Dairy Farming, 
Greenhouse Gas Emissions. 
  
1. Introduction 
The pioneering work on benchmarking in industry was undertaken by the Xerox Corporation 
in the 1970s, in order to help them meet the growing economic challenges being posed by 
Japanese producers (Elmuti and Kathawala, 1997; Jónsdóttir et al., 2005; Wu et al., 2015). 
Since then however, it has gone on to encompass a much broader spectrum of objectives, 
including those that are economic, physical (related to the production process) and 
environmental, and has been adopted by a significant number of businesses (Bhutta and Huq, 
1999). Whatever the specific goal however, the overall aim of benchmarking (except internal 
benchmarking) remains the same, namely to improve the performance of one’s own business 
(in any number of fields) by examining what others are doing and learning from it (Jónsdóttir et 
al., 2005). Consequently, the underlying principle is that of providing businesses with a 
structured system for identifying the highest standards of performance within their sector and 
then making the changes necessary to achieve, or even surpass, those standards (Elmuti and 
Kathawala, 1997; Bhutta and Huq, 1999; Presley and Meade, 2010). 
In environmental terms, benchmarking is a tool used to drive performance forwards through 
a process of “gap analysis”, in which a business compares its environmental performance with 
similar businesses in the same sector (Matthews, 2003; Jónsdóttir et al., 2005), and 
subsequently implements a programme of actions intended to bridge the gap between them 
(Jónsdóttir et al., 2005). The scope for doing this has increased considerably in recent years, as 
the availability of data against which to benchmark has improved (Matthews, 2003), some of 
which is in the public domain (e.g. EBLEX, 2014; CO2Benchmark[1]), whilst other data may only 
be available through securely maintained databases built up through the benchmarking 
activities of a number of businesses (e.g. DairyCo., 2013; CO2Benchmark[1]). Nevertheless, 
there are still significant gaps in many sectors (Jónsdóttir et al., 2005), and where these exist, 
contributory factors may include concerns over the commercial sensitivity of some information 
(i.e. some businesses not wishing to aid their competitors - Jónsdóttir et al., 2005), and worries 
that data released on performance may be used to regulate and/or penalise businesses. 
However, if benchmarking is to act as a driver for improvement, the identification of both 
“leaders” and “laggers” (Matthews, 2003) within an industry is not sufficient, instead it is 
essential that there is some business benefit to be achieved through that improvement. In 
relation to economic benchmarking, or indeed benchmarking of the physical characteristics of a 
production process, it is clear that precisely such benefits exists, and are therefore likely to act 
as stimuli for improved performance. Environmentally however, the evidence for this is less 
clear, since to act as a driver, a reduction in greenhouse gas (GHG) emissions for example, 
must present a commercial advantage through increased sales and/or higher product prices, 
reduced production costs (e.g. through reduced inputs), or the avoidance of penalties. Within 
the agricultural sector (as in others), one area in which a future for benchmarking has been 
envisaged, and where an impetus for improvement might be achieved, is through the use of 
eco-labels in general and carbon labels in particular, on food products (Jónsdóttir et al., 2005; 
Tzilivakis et al., 2011; Tzilivakis et al., 2012). To date, these have made only limited progress in 
the sector (with the industry preferring to go for practice based labelling), despite a number of 
well publicised attempts to introduce them. In 2007, for example, the UK supermarket Tesco 
announced that carbon labels would appear on all their products (Boardman, 2008), only to 
drop the idea in 2012, after limited progress had been made in labelling their 70,000 products, 
due to the time required to work out a suitable value for each one (several months – Vaughan, 
2012). Nevertheless, the idea has not gone away, despite the benefits of eco-labels (including 
carbon labels), being questioned by a number of authors (e.g. D'Souza et al., 2006), who have 
found that although many consumers say they would like carbon labels on products, many also 
find them confusing, and do not feel that they empower them to make informed purchasing 
decisions (Röös and Tjärnemo, 2011; Gadema and Oglethorpe, 2011; Upham et al., 2011). One 
suggested solution to this however, has been the use of benchmarking to improve the popularity 
of carbon labelling systems, since drawing on the experience of other sectors (e.g. where 
Energy Performance Certificates have been used on buildings in the UK), where it has been 
done it has shown to be successful (Wu et al., 2015). 
Although a number of techniques exist for establishing benchmarks within academic studies 
for example (e.g. data envelopment analysis (DEA) - Gadanakis et al., 2015; Kanellopoulos et 
al., 2014), it is unclear whether the tools available to businesses, particularly smaller businesses 
like most farms, are capable of supporting a robust benchmarking system. Farms, like many 
SMEs (small and medium-sized enterprises), often have limited resources (time and money) to 
put towards environmental management activities such as benchmarking (Jónsdóttir et al., 
2005), and consequently the tools they use must be both inexpensive and simple. These are 
precisely the sort of systems being promoted within the agricultural industry, and this paper 
takes the example of greenhouse gas emissions within European dairy farming, in order to 
consider whether the results of the various tools available for estimating emissions, are 
sufficiently robust as to warrant inclusion in benchmarking activities. First however, the context 
in which such systems operate is explored. 
 
1.1. The livestock industry and climate change 
The key role played by anthropogenic greenhouse gas (GHG) emissions in driving climate 
change is a cause for concern around the world (Hagemann et al., 2011; Franks and 
Hadingham, 2012), as is agriculture’s considerable contribution to them (Smith et al., 2008; 
Hillier et al., 2011). The IPCC (Intergovernmental Panel on Climate Change – Smith et al., 
2007) estimates that the agricultural sector as a whole is responsible for between 10 and 12% 
of all such emissions, including 50% of methane (CH4) and 60% of nitrous oxide (N2O), gasses 
with global warming potentials 25 and 298 times that of carbon dioxide (CO2 – over 100 years) 
respectively. These figures however, exclude many secondary emissions (e.g. those from the 
manufacture of inputs), and work carried out by the Food and Agriculture Organization of the 
United Nations (FAO – O’Mara, 2011) using life cycle assessment (LCA), has suggested that 
the livestock sector alone is in fact responsible for around 18% of global GHG emissions 
(Steinfeld et al., 2006), with 4% being down to the dairy sector (FAO, 2010), which was 
estimated to produce 195 Mt CO2-eq yr-1 in the (then) EU27 (Lesschen et al., 2011). However, 
estimates vary considerably depending on the precise methodology used in their calculation 
(Herrero et al., 2011). 
Livestock agriculture produces GHGs in the form of CH4 from enteric fermentation in 
ruminant livestock and the breakdown of stored manures, N2O from the application of nitrogen-
based fertilisers and manures, and CO2 as a result of direct energy use (Hillier et al., 2011; 
O’Mara, 2011; Crosson et al., 2011; Schils et al., 2007). Ruminant animals in particular, are 
central in determining emission levels (Olesen et al., 2006), with the total magnitude of 
emissions having been shown to be closely related to the number of such animals present, 
particularly cattle (O’Mara, 2011). Indeed it was a reduction in the number of ruminant livestock 
in Europe in the decade to 2008, which was the main cause of the 7.5% decrease in GHG 
emissions from the sector over that period (Bolla and Pendolovska, 2011). This in turn is 
dependent on demand for food in general, and livestock products in particular, and with the 
world’s population expected to exceed 8.5 billion by 2030 and 9.7 billion by 2050 (United 
Nations, 2015; Crosson et al., 2011; O’Mara 2011; McAllister et al., 2011), such demand can be 
expected to increase. Indeed the FAO predicts that global food supply will need to increase by 
nearly 40% by 2030 and 60% by 2050, although rates will need to exceed this in the developing 
world (Alexandratos and Bruinsma, 2012). In addition however, per capita meat consumption 
tends to be related to living standards (Foresight, 2011), so as these improve (particularly in 
Asia) demand for meat is expected to rise at a rate in excess of that for food as a whole, so that 
by 2050, demand for livestock derived products of all types could be at twice its current level 
(McAllister et al., 2011), and have potentially serious implications for the future of GHG 
emissions from the industry (Garnett, 2009). Given the magnitude of the potentially deleterious 
effects of climate change (EEA, 2012), it is therefore little wonder that the livestock industry is 
under considerable pressure to reduce its impact (Herrero et al., 2011; McAllister et al., 2011). 
The Kyoto Protocol of 1997 (an agreement under the United Nations Framework Convention 
on Climate Change - UNFCCC) established the legally binding target (for 37 developed nations) 
of reducing GHG emissions by at least 5% below 1990 levels over the 2008-2012 period 
(European Commission, 2002; Lewis et al., 2013), which resulted in a target for the first 15 EU 
nations of an 8% reduction. Varying national targets were then set in order to result in the 
overall 8% reduction, with similar targets being set for nations joining the EU subsequently. 
Progress towards these targets was good, with an overall reduction in GHG emissions of 11.8% 
being achieved, without counting carbon sinks or international credits[2], and the target setting 
process has now been developed further. The second period of Kyoto (2013-2020), known as 
the Doha Amendment to Kyoto, is intended to cover the period up to the start of a new global 
agreement (expected to be adopted and the Paris Climate Change Conference in December 
2015) in 2020, and established targets which as far as the EU is concerned are covered by its 
2020 Climate and Energy Package (European Commission, 2007; European Commission, 
2008), which amongst other things established the goal of reducing GHG emissions by 20% by 
2020. So far it is looking reasonably good that this target will also be met, with 23 countries 
forecast to achieve their national targets, and only 5 requiring more to be done. However, 
looking further into the future the challenge is likely to become increasingly tough, with the 2030 
Climate and Energy Framework (European Commission, 2014) aiming for a 40% reduction by to 
2030, and the 2050 Low-Carbon Economy Roadmap (European Commission, 2011) going for 
60% by 2040 and 80% by 2050 (all compared to 1990 levels). If such stringent targets are to be 
met, all sectors will clearly have a role to play, and there can be little doubt that pressure to 
improve the performance of the livestock industry will continue to mount. 
Fortunately however, options for climate change mitigation within the livestock sector, 
particularly in developed nations, are often fairly good (Hillier et al., 2011), with a number of 
options being identified as being applicable to the industry (Smith et al., 2007; Smith et al., 
2008), indeed many mitigation techniques make use of current technologies and could be 
implemented reasonably quickly (Crosson et al., 2011). It is known, for example, that the type 
and size of animal and their diet, all effect enteric CH4 production, the extent to which livestock 
are grazed as opposed to housed impacts N2O emissions, and the approach to handling and 
storing manures and slurries will have an effect on both gasses (O’Mara, 2011). However, if 
individual businesses are to take up the challenge, tools for facilitating this need to be readily 
available. 
 
1.2. GHG accounting in livestock agriculture 
Carbon footprinting has been an option for some time, albeit that its adoption by the 
agricultural industry has, to date, been piecemeal, not least because the need to invest in the 
services of a consultant continues to be seen as a barrier (Dodd, 2012). Nevertheless, such 
techniques potentially allow businesses to identify efficiencies which, as well as reducing GHG 
emissions, make sound financial sense (e.g. by reducing input costs), and there are now a 
number of freely available tools which purport to allow land managers to develop their own 
carbon footprints at minimal cost, and (except in academic studies) it is likely to be just this sort 
of tool which most farms will adopt. Nevertheless, the use of such systems in livestock 
agriculture is fraught with difficulties. 
Firstly, the livestock industry differs from many others, in that the major GHGs of relevance 
are non-CO2, and are the result of complex biogenic processes as opposed to the direct 
consumption of energy. They are therefore dependent on site and business-specific conditions 
(e.g. soil, weather, livestock type, etc.), leading to a higher degree of uncertainty in estimated 
emissions (Flysjö et al., 2011) and difficulties in comparing businesses. In addition, agriculture, 
like many other industries, has seen a proliferation of carbon calculators, which use a series of 
emission factors to convert activities into emission estimates (Kim and Neff, 2009; Little and 
Smith, 2010). This leads to concern that variations in the scope of different tools, and a lack of 
transparency in the precise methodologies used, could lead to misleading, or even erroneous 
results (Kim and Neff, 2009). 
Despite these issues however, benchmarking has already made inroads into the agricultural 
sector (and the livestock sector in particular), and is likely to continue to do so, since it is clear 
that the concept of benchmarking in general is already well established in the consciousness of 
both policy makers and the agricultural industry itself, and benchmarking of GHG emissions is 
increasing. It has become a familiar part of the analysis of business performance through such 
systems as ‘Milkbench+’[3] from DairyCo in the Dairy sector, the related ‘CropBench+’[4] from 
the Agriculture and Horticulture Development Board (AHDB) for use in the arable sector, and 
‘Stocktake’ from AHDB Beef and Lamb (paper based benchmarking statistics – EBLEX, 2014), 
all of which allow benchmarking of financial and physical performance metrics, as well as the 
draft ‘Irrigation Benchmarking’ system produced by Cranfield University (Knox et al., 2013). 
Equally however, the wider dairy industry is making increasing use of benchmarking in the 
implementation of its environmental policies, with the ‘Dairy Roadmap’ (DairyCo, 2011; DairyCo, 
2013) in the UK for example, using it to both track temporal changes in resource use, and make 
comparisons with equivalent sectors in other parts of the world. At a governmental level, 
benchmarking of GHG emissions is already a factor in the EU’s Emission Trading System (EU 
ETS) for example (Foucherot and Bellassen, 2013), where it is utilised in order to establish 
efficiency values from which free emission allowances can be calculated (i.e. they are not limits 
or targets in themselves - EU, 2013). Few agricultural businesses currently fall within the scope 
of this particular system, but benchmarking continues to be seen as an effective motivator for 
change (Policy Commission on the Future of Farming and Food, 2002; Ashworth, 2002), with 
the established wisdom being that consumers will seek out products with good ‘green 
credentials’, and that retailers will therefore preferentially obtain products from better performing 
suppliers. In fact, retailers are already demanding efficiencies within the supply chain (in terms 
of GHG targets), and it can be envisaged that should eco-labelling be widely expanded into the 
food sector, then the role of benchmarking will also expand. 
The extent to which this will happen is uncertain, although the European Commission, for 
example, has already taken the first steps towards the introduction of a low-carbon farming 
scheme (of which the European Carbon Calculator discussed later in this report formed part of 
the pilot) centred around a carbon accounting approach coupled with a benchmarking system 
(Tuomisto et al., 2013; Jędrzejewska and Surján, 2010). At the time of writing it is unclear 
whether this will ultimately be implemented, but nevertheless, as benchmarking actively permits 
producers to demonstrate industry leading performance, producers may gain a commercial 
advantage if they are able to demonstrate they are ahead of the game. Indeed, it may become 
an essential requirement of some major retailers, for their suppliers to be able to do so. 
 
2. Material and methods 
The reported study was comprised of three main elements, as detailed below: 
1) Identification of tools suitable for analysis in the context of European livestock agriculture. 
2) Development and evaluation of a series of production system scenarios based on real 
European farms. 
3) Examination of resulting GHG emission estimates to identify their suitability for use in 
benchmarking activities. 
 
2.1. Identification of tools to be studied 
In recent years, a number of carbon accounting tools have been developed for use in a wide 
range of sectors (agricultural, domestic, industrial, etc.) and by different end-users (e.g. policy 
makers, scientists, environmental managers); however, not all are suitable for on-farm use in 
general, or in the livestock industry in particular. Therefore, in order to identify a suite of tools 
suitable for further evaluation, a review of available systems was carried out, in which tools 
were sought which met a number of predefined criteria. Specifically, they should: 
 
1) Have data entry and computational capabilities appropriate for the sector: Many tools do not 
include the data entry characteristics and emission factors to permit use in livestock 
agriculture. 
2) Be applicable to the region being considered: Only those tools designed for, or purporting to 
be suitable for, European use were included in this study. 
3) Be freely available: So as to encourage widespread adoption in an industry in which 
financial pressures may be acute, and ensure a greater degree of tool comparability, 
purchasable systems (some of which may entail significant expenditure) were excluded. 
4) Be based on data liable to be held by farm managers: Only those tools requiring little if any 
additional data collection were included, so as to ensure suitability for use in businesses 
with limited time availability. 
 
2.2. Scenario development and evaluation 
As part of an extensive pan-European research project carried out on behalf of the European 
Commission (Tzilivakis et al., 2010), a number of case-study farms were identified for use in 
model validation. Those case studies in which the principle enterprise was dairy farming, were 
identified and reviewed in detail in order to develop standardised scenarios. This involved 
isolating those elements of a farms activities which were directly related to the dairy part of the 
enterprise, (i.e. anything which could be wholly assigned to arable production or other forms of 
livestock was removed). All relevant data was then extracted from the identified scenario 
subset, and (where appropriate) gaps in data which might impact on the ability of some tools to 
be fully tested were identified. These were then filled using published literature related to land 
and animal management in the dairy sector (e.g. Thomas, 2007; Natural England, 2012; Natural 
England, 2013; Defra, 2010), and the characteristics of the dairy industry in different EU nations 
(e.g. European Commission and EU FADN, 2013). In addition, supporting data on the local 
climate and soils was identified from freely available databases. In the case of climate, these 
belonged either to the local meteorological service (UK: Met Office[5], France: Meteo France[6], 
Italy: Meteo Aeronautica[7]), or a global climate database (Poland: World Weather Online[8]). 
Soils data was obtained in the form of the ‘soil reference group code from the World Reference 
Base (WRB) for soil resources’ and the ‘dominant surface textural class’, both available from the 
European Soil Data Centre (ESDAC[9]). The approach of developing scenarios in this way (as 
opposed to using the case-studies in their existing state) was adopted, in order to overcome the 
different approaches to data recording (reflecting local practices) taken in the original project, 
allow for gaps in data resulting from the specific requirements of that study, and allow for 
greater comparability. Each of the identified tools was then applied to each scenario so as to 
determine the estimated GHG emissions, and thereby emulate processes that would be 
undertaken in real farm management situations. 
 
2.3 Benchmarking assessment 
This element of the study was itself comprised of two parts. Firstly, the GHG emission 
estimates produced by each tool for each farm scenario were apportioned in a number of 
different ways (as well as being considered in their un-apportioned state), namely: 
 
a) Total GHG emissions of the farm: emissions not apportioned. 
b) GHG emissions per productive farm hectare: taken to be emissions divided by the area of 
grassland and arable (for feed) crops. 
c) GHG emissions per livestock unit: livestock units being based on animal age and number, 
as detailed in the widely adopted ‘Farm Management Pocketbook’ (Nix et al., 2003). 
d) GHG emissions per unit of milk production: emissions divided by milk yield on m3. 
 
These emission estimates were then plotted in order to provide a visual assessment of the 
degree of separation between scenarios (Figure 1). Subsequently, a series of multiple 
comparisons between scenarios using one-way analysis of variance (ANOVA) were performed 
for each method of emission apportionment, in order to test statistically (at the 95% confidence 
level) the following hypotheses: 
 
Overall ANOVA: 
HA1: The mean of the GHG emissions produced for at least one farm is significantly different to 
the others. 
HO1: The means of the GHG emissions produced for all farms are equal. 
 
Tukey pairwise comparisons: 
HA2: The mean GHG emission estimates associated with a pair of farms are significantly 
different to each other. 
HO2: The mean GHG emission estimates associated with a pair of farms are equal. 
 
This was done on the basis that there is currently no requirement for agricultural enterprises 
to use any particular carbon accounting tool in their businesses (if indeed they use one at all), 
therefore if benchmarking is to become a reality, it must be possible to differentiate between 
farm enterprises in the absence of single tool adoption (i.e. there should be some degree of 
consistency between the way in which farms are rated). 
 
3. Results 
3.1. Selection and characterisation of tools to be studied 
In recent years a number of new carbon accounting tools have been developed for the 
agricultural industry, whilst others still have been significantly amended. This review identified 
seven which met the established criteria, and were therefore selected for in-depth evaluation. A 
number of others were considered for inclusion, but rejected on the grounds that they were 
either considered not to be applicable to mainstream European agriculture (e.g. COMET-
Farm[10]), were limited in their extent (e.g. relating only to emissions associated with direct 
energy use – Centre for Alternative Land Use, 2007), in the main adopted a practice based 
scoring system rather than quantifying emissions (FCAT[11]) or they required a fee, a 
characteristic likely to put off many producers (e.g. CPLANv2[12]). Those selected for in-depth 
evaluation were as follows: 
 CPLANv0[12]: developed by farmers in Central Scotland for UK based farm/land managers 
and policy makers. It is intended to serve as a management tool for assessing and 
monitoring GHGs and informing policy. One bug was identified within this tool, as where 
numbers of “other cattle < 1 year” are entered the emissions calculated are in CO2eq, rather 
than the Ceq the results are stated to be in. Adjustment was made for this in this paper, 
although it is unclear whether users will general be aware of this problem. 
 CALM[13]: developed by the UK’s Country Land and Business Association (CLA), for use 
by UK based farm/land managers, with the objective of identifying options to cut emissions 
and increase efficiency. 
 CCaLC[14]: developed by the University of Manchester for use in all forms of production 
(not just agriculture), but encompassing primary production. It is intended for use by supply 
chain managers, policy makers and environmental officers, particularly for supply chain 
optimisation and monitoring. Its supply chain emphasis means that it may be less intuitive to 
use within the context of a farm business, although much of the data required is likely to be 
readily available. 
 COOL (Hillier et al., 2011)[15]: developed by Unilever for use in global agriculture, and 
intended for use by farmers and supply chain managers/companies around the world, in the 
identification of options to cut emissions and increase efficiency. Although much of the 
required data is likely to be readily available, the international audience of the tool means 
that some may not be in the form required, and therefore require conversion. 
 IMPACCT[16] (Tzilivakis et al., 2010; Tzilivakis et al., 2014): a prototype developed by the 
University of Hertfordshire to assess GHG emissions and sequestration, and advise on 
appropriate mitigation strategies. It is intended for use by European farmers/land managers 
and policy makers. 
 Farm Carbon Calculator (FCC)[17]: developed by a non-profit making organisation to 
promote low carbon practice amongst UK farmers and growers, and forming part of the 
wider Farm Carbon Cutting Toolkit[18]. Although heavily influenced by the needs of organic 
producers, it is nevertheless equally applicable to the wider industry. 
 European Carbon Calculator (ECC)[19]: developed by Solagro in France for the European 
Commission's Joint Research Center (JRC), with the aim of promoting “low carbon farming 
practices which can be implemented on (almost) every farm in the European Union”. 
Further details of these tools can be found in Table I. 
 
Table I. Characteristics of assessed carbon accounting tools. 
 
3.2. Scenario development 
Of the case-study farms assessed, six in four different European countries (Table II) were found 
to be comprised of businesses describing themselves as predominantly dairy based, and 
therefore selected as the basis for scenario development. Data on production types and levels, 
feed inputs and basic land and manure management practices was extracted from each in as 
consistent a form as differences in data collection would allow, and supported with data from 
published literature, so as to produce standardised scenarios containing all the data required by 
the various tools, although not all data was used by each tool. The studied scenarios possessed 
a number of consistent characteristics, including the use of a static pile with forced aeration for 
manure storage (where livestock were housed for part of the year), and a plough depth of 20cm 
and the incorporation of residues on cropped areas. Other properties however, varied 
considerably, including the livestock mix on the farm and their diet (Table III), and the cropping, 
milk yield and direct energy use associated with the dairy system (Table IV). Although these 
scenarios vary in precise form, they may be considered typical of many European dairy 
businesses. 
 
Table II. Site characteristics of studied farm scenarios. 
Table III. Livestock production characteristics of studied farm scenarios. 
Table IV. Cropping, milk yield and energy use characteristics of studied farm scenarios 
(numbers in brackets = number of applications used to achieve total). 
 
3.3. Benchmarking assessment 
When the GHG emission estimates produced for the six farm scenarios using the seven 
assessed carbon accounting tools were plotted (Figure 1), a number of key patterns (or in some 
cases their absence) were noted. Firstly, in relation to the un-apportioned emission estimates 
(Figure 1a), there was a good deal of agreement between tools in terms of the way in which the 
scenarios were ordered (benchmarked against each other). Scenario IT1 for example, always 
produced higher emission estimates than any other, no matter which tool was used; whilst 
scenarios PL1, FR3, and FR1 always produced the lowest, second lowest and third lowest 
estimates respectively. Only for scenarios FR2 and UK1 was there any variation in outcome 
between the various tools. 
When emissions per unit of productive area (Figure 1b – note, as the estimates for each 
farm are divided by different areas, the resulting pattern will not necessarily be the same as the 
above) were examined, a similar, although less pronounced pattern was observed. In this case 
only scenario FR1 was consistently ranked (lowest emissions per unit area) in the 
benchmarking exercise, whilst others were ordered differently by different tools, albeit only by 
one or two places. In contrast, when emissions per livestock unit (Figure 1c) and per unit of 
produced milk (Figure 1d) were considered, marked inconsistencies in the way in which 
scenarios were benchmarked against each other were clear. In terms of per milk yield 
emissions for example, farm UK1 was ranked as one of the best performing by COOL (0.99 t 
CO2e m-3) and the worst preforming by CPLAN (1.94 t CO2e m-3). 
 
Figure 1. Calculated GHG emissions for six farm scenarios from seven carbon accounting 
tools. 
 
The analysis of variance (ANOVA) between farms (Table V) reveals that the overall ANOVA 
results produce P-values of 0.007 or less, suggesting that HO1 could be rejected in all cases, 
and that at least some significant variation between farms could be identified (i.e. at least one 
farm differed significantly from the others in terms of its GHG emission estimates). Again this 
was most pronounced in the case of the un-apportioned emission estimates and emissions per 
unit of productive area (P-value <0.001 in both cases). However, when looking at the Tukey 
pairwise comparisons in detail, it is clear that the ANOVA results support the graphical findings 
above, in that clear distinctions between farms (i.e. where HO2 can be rejected) can generally 
only be made in relation to total GHG emissions and emissions per productive hectare. In the 
former case, there was a clear distinction between many scenario farms, with significant (at the 
95% confidence level – all adjusted P-values <0.001) differences between all farms except FR2 
and UK1 (adjusted P-value = 0.941) and FR1, FR3 and PL1 (adjusted P-values of: FR3-FR1 = 
0.943, PL1-FR1 = 0.276 and PL1-FR3 = 0.800). As far as the results for the GHG emissions per 
productive hectare are concerned, there was a little less distinction between scenarios with UK1 
and IT1 being significantly different to all other farm scenarios (adjusted P-values <0.019 in all 
cases and most <0.001), whilst there was considerably less distinction between the other 
scenarios with only FR1 and PL1 being significantly different to each other (adjusted P-value = 
0.014). For the other two methods of GHG emission apportionment, there was little statistically 
valid differentiation between scenarios, with per livestock unit apportionment resulting in only 
PL1 being significantly different to most other farms (adjusted P-values of 0.005 to 0.019) 
except UK1 (adjusted P-value = 0.056), whilst for per m3 milk yield apportionment, only two 
significantly different pairs of means were identified (PL1-FR2 = 0.008 and PL1-UK1 = 0.027). 
 
Table V. Overall one-way ANOVA P-value and Tukey pairwise comparisons. 
 
4. Discussion 
The above results indicate that there is broad agreement between tools when it comes to 
overall emission estimates, and even emissions per unit area (particularly in relation to the way 
the individual tools benchmark scenarios); however, there is still a considerable amount of 
disagreement between them in all other respects, which may hinder their usefulness within a 
benchmarking environment. That agreement which was observed, was no doubt a reflection of 
the dominant role played in determining emissions, by the number of animals (in this case 
cattle) present (O’Mara, 2011). In addition however, although the various tools use somewhat 
different methodologies, they are in the main based on those recommended nationally (e.g. 
PAS 2050:2011 - BSI, 2011) or internationally (e.g. Eggleston et al., 2006), and therefore share 
many similarities. Nevertheless, there are inevitably some differences in the emission factors 
used, and more importantly, the scope and precise methodology (e.g. tier) adopted varies 
(Table I). For example, although all the tools cover scope 1 (those arising directly from sources 
that are owned or controlled by the farm) and scope 2 (generated as a result of purchased 
electricity) emissions, the extent to which scope 3 (which are a result of a farms activities but 
occurring from sources not owned or controlled by it) emissions are covered, varies from not at 
all (CPLANv0), through those which include some scope 3 emissions (CALM, COOL, FCC), to 
those which try to encompass this to a considerable degree (CCaLC, IMPACCT, ECC). 
Similarly, tools such as CPLANv0 and CALM restrict themselves to a tier 1 (general emission 
factor) approach, whilst others adopt tier 2 (more specific emission factors - e.g. Cool, ECC) or 
even partial tier 3 (meta-modelling in this case - IMPACCT) approaches, and inevitably this 
introduces some of the variability identified by Kim and Neff (2009) as a problem in the sector. 
Where this really comes to the fore is when emissions are considered on the basis of some 
useful functional unit. It is now widely recognised that GHG emissions must be presented in 
terms of some practical functional unit (e.g. per ha, per LU, per unit of production, etc.) in order 
to allow meaningful comparisons between businesses to be made (Franks and Hadingham, 
2012), as to do otherwise runs the risk of drawing erroneous conclusions as to performance. 
The above results however, highlight significant problems in doing so using the sort of carbon 
accounting tools currently available to the livestock sector. Within this study three functional 
units have been assessed (in addition to the whole farm), one area based, one animal based 
(taking into account their life stage – i.e. livestock units) and one based on output. Of these only 
the area based assessment produced a significant level of agreement between the outputs of 
the different tools, no doubt reflecting the relationship that exists between approaches taken to 
land and livestock management (e.g. the intensity of production, etc.) and the resulting GHG 
emissions. In policy terms, GHG emissions per unit area may be an important metric, since 
governments attempting to meet stringent, internationally agreed GHG emission targets, may 
(in the short term at least) be most interested in reducing the emissions associated with a given 
spatial area (country and/or region), and therefore find an area based form of apportionment 
attractive. However, if no account is taken of production, then emission assessments may fail to 
take into account the GHG emissions inherent in the imports which may be required to make up 
any shortfall in supply in relation to demand. This carbon leakage (the relocation of emissions to 
parts of the world subject to weaker regulation) through production displacement, can seriously 
reduce the overall effectiveness of emission reduction programmes, even if national 
performance appears improved (e.g. Böhringer et al., 2012). 
In contrast, there was far less agreement between the tools obtained when using livestock 
units or milk output as the functional unit for apportioning GHG emissions. This is a significant 
problem in as far as the benchmarking of performance is concerned, and is probably a reflection 
of the fact that in the dairy industry, a wide range of approaches can be taken so as to result in 
the same milk output (e.g. from highly intensive 100% housed systems to less intensive fully 
grazed systems), and each will have a very different GHG profile. In the UK for example, work 
by the supermarket Morrisons has suggested that there is an inverse relationship between GHG 
emissions per litre and the litres of milk produced per cow, such that more intensive production 
may actually be more efficient (Morrisons, 2011). This ties in with the concepts of ‘sustainable 
intensification’ and ‘climate smart agriculture’’ (Campbell et al., 2014), both of which stress the 
importance of maximising productive output whilst minimising environmental impact, and are 
likely to be at the core of future agri-environment and food security policy in Europe as 
elsewhere (e.g. Buckwell et al., 2014). In this sense, some measure of emissions per unit of 
output (milk) is likely to be the most valuable functional unit in relation to benchmarking activities 
aimed at minimising overall climate change impact. Farming after all, has to produce enough 
food to support the world’s growing population, and as some authors have pointed out, if it 
comes down to a straight choice between food shortages and GHG emissions, food will always 
win out (e.g. McAllister et al., 2011). Therefore, notwithstanding the fact that changes could 
(and probably should) be made to diets to reduce our requirement for some foods (reduce 
demand), it is essential that those businesses able to supply the remaining market demand with 
the minimum GHG impact should be favoured in preference to those which are less efficient. 
Clearly however, this ultimate conclusion of a benchmarking approach to GHG emission 
minimisation, brings with it a wide range of knock on economic, social and environmental 
effects, not least because farmers in some geographical locations may not have the option of 
using the most GHG efficient production methods. In practice of course, benchmarking is 
generally done against businesses in a similar area, so as to ensure true comparability of 
results, but the extent to which this is necessary may be a function of factors that go beyond on-
farm GHG emission minimisation. For example, it may be desirable to compare dairy 
enterprises, but if the only goal were to minimise the resulting GHG emissions per unit of output, 
it may be less necessary to restrict the exercise to farms in the same geographical location or 
facing the same environmental challenges, as concentrating production in a few areas 
particularly suited to it, may be desirable. Equally however, it may be undesirable for a number 
of reasons, including the need to maintain production over a broad area to reduce the risk 
posed to food security by (for example) disease, to minimise subsequent food miles or to 
maintain local rural economies. 
These are however, factors which can only be determined in light of broader policy 
objectives. This study however, suggests that benchmarking on the basis of production 
efficiency (in GHG emission terms) should it be deemed desirable, is fraught with difficulty within 
dairy farming, with little agreement between tools as to the relative performance of farm 
scenarios, and only farms at the extremes of performance being differentiated from each other. 
It may be of course, that it is the farms at the extremes of performance, particularly those 
performing least efficiently, which it is important to identify and address if the industry is to be 
pushed forwards. However, there is little evidence in this study that the carbon calculators 
presently available to the industry are likely to be suitable tools for detailed benchmarking 
studies, unless evidence is found to support one methodology over others. To some extent this 
was something which it was hoped the European Carbon Calculator (ECC) would address, but 
to date at least, it has failed to take a leading role in the industry (possibly due to its heavy data 
entry demands), and remains only one of a range of options out there. Consequently, there is 
no clear guidance as to which tool producers should be using, or any clear indication of which 
may be the most accurate. The assumption is often made that more data hungry tools (e.g. 
COOL, IMPACCT and the ECC), which allow site and/or practice specific factors to be 
accounted for, will produce more accurate results, but the extent to which this is true over wide 
spatial areas with significantly different circumstances, is unclear. All are to some degree based 
on the use of standardised emission factors, and although in theory this ought to result in them 
producing comparable results (at least when the same tool is used), it brings with it no 
guarantee of accuracy. 
Equally, if benchmarking were to be used to evaluate enterprise performance against pre-
determined thresholds, which might control some element of commercial activity, for example 
meeting the requirements of a retailer, or allowing membership of an carbon labelling scheme, 
then it is likely that the variation in the results between tools might make such judgements prone 
to error, as where any line is drawn through the data, it is quite possible (and indeed probable) 
for different carbon calculators to place farms on different sides of that line; highlighting the 
difficulties inherent in setting such thresholds identified by some authors (e.g. Bozowsky and 
Mizuno, 2004). Clearly then, if such a system were to be adopted, the use of a consistent 
calculator, with sufficient transparency in the way in which it works for producers to know how 
they are being assessed, may be essential. Fortunately, although this may be a long way off in 
terms of the EU as a whole (see above), there is no reason that a given labelling scheme could 
not stipulate the use of a specific carbon accounting tool, thereby ensuring that all farms 
assessed were at least being evaluated on the same basis. 
Finally, it is worth bearing in mind that the benchmarking of enterprises is only the first stage 
in driving forward the performance of any sector, as providing a basis for (in this case) on-farm 
GHG emission reduction, is essential if improvements are to be made. Benchmarking should be 
considered as an environmental management tool, and for it to act in this role, not only does the 
benchmarking status of an enterprise need to be identified, but there also needs to be some 
mechanism for accessing information on how to improve the situation (Jónsdóttir et al., 2005). 
Some tools (e.g. IMPACCT and to some extent the ECC) attempt to make specific 
recommendations for improvement, and therefore take the user a significant way along the road 
to identifying a solution, whereas others are supported by specific downloadable guidance (e.g. 
FCC) and/or links to external online resources (e.g. CALM, COOL), and others still (CPLANv0) 
provide very little additional support. Clearly then there would be more to consider when 
selecting a tool for use in benchmarking activities, than simply the requirements of obtaining a 
quantitative benchmarking ‘score’. 
 
5. Conclusions 
The results of this study indicate that there are still significant hurdles to overcome if 
benchmarking of GHG emissions is to play a useful role in driving forward the environmental 
performance of the dairy industry. This is particularly on account of the lack of any agreement 
between tools when suitable functional units are applied (something which is essential if 
meaningful assessments are to be made), or advice as to the best or most accurate tool to use, 
something which may itself vary from region to region and enterprise to enterprise. This 
severely reduces the power of benchmarking in the dairy sector, and means that should 
widespread carbon labelling become a reality, then scheme administrators would be required to 
take a view as to the most appropriate tool to use. Although it is recognised that the basis for 
doing this is likely to be weak, and indeed the decision is likely to be as influenced by the 
perceived need for mitigation advice and/or simplicity as accuracy, it would at least provide for 
consistent benchmarking and transparency as to the business characteristics leading to a 
favourable assessment. In addition however, it is important that GHG emission benchmarking is 
not viewed in isolation, as livestock agriculture plays a wide variety of roles in food production, 
rural economies and society as a whole, and these various roles must be reflected in the way in 
which the results of any benchmarking activities are applied on the ground. Finally, the extent to 
which the findings of this paper are applicable to other agricultural sectors and/or industries is 
unclear. However, it is quite possible that other businesses which operate in an environment in 
which they are subject to site or enterprise specific conditions with the potential to impact on 
emission factors, may be subject to similar restrictions on the usefulness of current 
benchmarking tools. 
 
Notes 
1. http://www.co2benchmark.com 
2. http://ec.europa.eu/clima/policies/strategies/progress/kyoto_1/index_en.htm 
3. http://milkbenchplus.org.uk/Public/Content.aspx?id=1 
4. http://www.cropbenchplus.org.uk/Public/Content.aspx?id=1 
5. http://www.metoffice.gov.uk 
6. http://www.meteofrance.com 
7. http://www.meteoam.it 
8. http://www.worldweatheronline.com 
9. http://esdac.jrc.ec.europa.eu 
10. http://www.comet2.colostate.edu 
11. http://www.soilassociation.org/innovativefarming/lowcarbonfarming/fcatfarmcarbonassessm
enttool 
12. http://www.see360.org.uk 
13. http://www.calm.cla.org.uk 
14. http://www.ccalc.org.uk/ccalctool.php 
15. http://www.coolfarmtool.org 
16. http://sitem.herts.ac.uk/aeru/impacct/software.htm 
17. http://www.cffcarboncalculator.org.uk 
18. http://farmcarbontoolkit.org.uk 
19. http://www.solagro.org/site/476.html 
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All Data
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Figure 1. Calculated GHG emissions for six farm scenarios from seven carbon accounting tools.
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Table I. Characteristics of assessed carbon accounting tools. 
Tool So
u
rc
e
 o
f 
e
m
is
s
io
n
 fa
c
to
rs
/ 
m
e
th
o
d
o
lo
g
y
 
T
y
p
e
 
S
c
o
p
e
 
D
a
ta
 re
q
u
ire
m
e
n
ts
 
C
a
ttle
 d
a
ta
 ty
p
e
 
%
 g
ra
z
e
d
/fe
d
 
a
s
s
e
s
s
e
d
?
 
%
 h
o
u
s
e
d
 
a
s
s
e
s
s
e
d
?
 
A
s
s
e
s
s
e
s
 m
a
n
u
re
/ 
s
lu
rry
 N
 c
o
n
te
n
t?
 
A
s
s
e
s
s
e
s
 fe
rtilis
e
r 
N
 c
o
n
te
n
t?
 
G
H
G
 e
m
is
s
io
n
 
c
a
te
g
o
ris
e
d
 b
y
 
A
s
s
e
s
s
m
e
n
ts
 c
a
n
 
b
e
 s
a
v
e
d
?
 
CPLANv0 IPCC tier 1 & 
national 
inventory 
Online 1 & 2 Light Type & 
number 
No No No No Source No 
CALM IPCC tier 1 & 
national 
inventory 
Online 1, 2 & 
some 3 
Modest Number & 
productivity or 
age 
No No Yes Yes Source 
& gas 
Online 
CCaLC ISO 14044 & 
PAS 2050 
Excel 1, 2 3 High Liveweight No No No Yes Source Off-line 
COOL IPPC tier 2 Online 
(ex. Excel) 
1, 2 & 
some 3 
High Number, type 
& age 
Yes Yes Yes Yes Source 
& gas 
Online (limited 
number in free 
version) 
IMPACCT IPCC tier 2 
(some 3) & 
PAS2050 
Application 1, 2 & 3 High Number only Yes Yes Limited Yes Source 
& gas 
Off-line 
Farm Carbon 
Calculator 
Own Online 1, 2 & 
some 3 
Moderate Type & 
number 
Yes Yes Partial Yes Source Online (limited 
number) 
European Carbon 
Calculator 
IPCC tier 2 Excel 1, 2 & 3 Very high Type, age & 
number 
Yes Yes Partial Yes Source 
& gas 
Off line 
 
Table II. Site characteristics of studied farm scenarios. 
 
Country 
Climate Soil 
Climatic zone 
Precipitation 
(mm yr-1) 
Reference 
group 
Dominant 
surface texture pH 
FR1 France 
Warm temperate 
moist 
694 Cambisol 
Medium fine 
silty clay loam 
5 
FR2 France Warm temperate dry 618 Luvisol 
Medium clay 
loam 
6 
FR3 France 
Warm temperate 
moist 
694 Cambisol 
Medium silt 
loam 
5 
IT1 Italy 
Warm temperate 
moist 
809 Cambisol 
Coarse sandy 
loam 
7 
PL1 Poland Cool temperate dry 566 Luvisol 
Medium clay 
loam 
5 
UK1 UK Cool temperate moist 1,053 Gleysol 
Medium silty 
clay loam 
4.5 
 
Table III. Livestock production characteristics of studied farm scenarios. 
 Livestock (number) 
Animals 
housed 
(% year) 
Cows  Heifers 
Dairy Pregnant Suckler Dry Bulls 
Calves / 
<1 year 1-2 year >2 year 
FR1 100 - - - - - 36 - 0 
FR2 198 - 20 - 1 51 30 41 100 
FR3 50 - - - - - 60 - 25 
IT1 340 150 - 50 - 60 200 - 25 
PL1 25 - - - - - 8 - 33 
UK1 150 - - - - 93 72 85 50 
 Diet (kg DM dairy cow-1) 
 
Grass Hay 
Silage Rolled 
wheat 
Concentrate 
 Grass Maize Lucerne Triticale Wheat Barley Rapeseed 
FR1 4,406 - - 680 - - 474 - - - 
FR2 - 2,193 793 2,878 - - 306 - - - 
FR3 1,617 - 1,551 1,320 - - 694 207 138 - 
IT1 3,123 - - 215 142 570 - 1,206 402 402 
PL1 3,673 - 1,411 - - - - - - - 
UK1 1,990 - 2,351 611 - - - 1,135.8 378.6 378.6 
 
Table IV. Cropping, milk yield and energy use characteristics of studied farm scenarios 
(numbers in brackets = number of applications used to achieve total). 
 
Product 
Area 
(ha) 
Yield 
(t ha-1 / 
L milk) 
Fertilisera 
(kg-N ha-1) 
FYMb 
(t ha-1) 
H/F/GRc 
(kg-AI ha-1)d 
Energy 
use 
FR1 Triticale: feed 12.7 4.5 90 (1) - 1/0.32/0.6 - 
 Maize: silage 11 12 50 (1) - 0.88/0/0 - 
 Grass: grazed 104 10 190 (3) - 0/0/0 - 
 Milk - 460,000 - - - - 
 Red diesel (L) - - - - - 2,986 
 Grid electricity (kWh) - - - - - 11,635 
FR2 Maize: silage 49 16 35 (1) 25 (1) 0.88/0/0 - 
 Triticale: feed 13.5 4.5 72 (1) 30 (1) 1/0.32/0.6 - 
 Grass: silage 31.4 11 188 (4) 20 (1) 0/0/0 - 
 Grass: hay 112.3 5 58 (1) 20 (1) 0/0/0 - 
 Milk - 1,311,000 - - - - 
 Red diesel - - - - - 10,088 
 Grid electricity - - - - - 16,619 
FR3 Triticale: feed 10 4.5 90 (1) - 1/0.32/0.6 - 
 Grass: 1 cut/ grazed 35 10 294 (3) 50 0.88/0/0 - 
 
Cereal mix: 60% 
wheat, 40% barley) 
4 6.6 120 (2) - 1.23/1/1 - 
 Maize 14 12 32 (1) 30 0.88/0/0 - 
 Milk - 316,000 - - - - 
 Red diesel - - - - - 1,347 
 Grid electricity - - - - - 4,410 
IT1 Wheat: feed 35 8.6 183 (2) 12 (1) 1.23/1/1 - 
 Lucerne: feed 15 5 - - 1.2/0/0 - 
 Maize: silage 8 16 32 (1) 30 (1) 0.88/0/0 - 
 Grass: grazed 220 10 334 (1) 10 (1) 0/0/0 - 
 Milk - 2,600,000 - - - - 
 Red diesel - - - - - 20,943 
 Grid electricity - - - - - 28,963 
PL1 Grass: grazed 15 10 187 (2) 5 (1) 0/0/0 - 
 Grass: 2 cut 10 7 194 (2) 10 (1) 0/0/0 - 
 Milk - 133,500 - - - - 
 Red diesel - - - - - 23,159 
 Grid electricity - - - - - 12,024 
UK1 Grass: grazed 50 11 194 (4) 10 (1) 0/0/0 - 
 Grass: 3 cut 58 12 258 (4) 20 (1) 0/0/0 - 
 Maize: silage 17 12 258 (1) 30 (1) 0.88/0/0 - 
 Milk - 1,387,500 - - - - 
 Red diesel - - - - - 9,547 
 Grid electricity - - - - - 21,652 
a Fertiliser = NH4NO3,     b FYM = farmyard manure, 
c H/F/GR = herbicide/fungicide/growth regulator,  d AI = active ingredient. 
Table V. Overall one-way ANOVA P-value and Tukey pairwise comparisons. 
Farm scenario 
Total GHG 
emissions 
GHG 
emissions per 
productive 
hectare 
GHG 
emissions peR 
livestock unit 
GHG 
emissions per 
m3 milk yield 
P-value for overall 
ANOVA 
<0.001 <0.001 0.004 0.007 
Pairwise 
comparisons 
IT1 ABC UK1 ABC PL1 AB PL1 AB 
UK1 ABC IT1 ABC UK1 AB FR3 AB 
FR2 ABC PL1 ABC FR3 AB FR1 AB 
FR1 ABC FR3 ABC FR1 AB IT1 AB 
FR3 ABC FR2 ABC FR2 AB UK1 AB 
PL1 ABC FR1 ABC IT1 AB FR2 AB 
 
